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It is frequently observed that the depig-
mented lesions in vitiligo nppear to have a
dermatomal distribution, or to be limited ini-
tially to the territory supplied by individual
cutaneous nerves. It has also been pointed out
that vitiligo occurs more commonly in patients
witb generalized neurologic defects than in nor-
mal subjects, and that when vitiligo appears in
patients previously suffering from damage to
the spinal cord, there may be a significant dif-
ference between the degree of hypopigmentation
which develops in skin areas respectively above
and below the level of the lesion (1). Recently,
an increase in surface temperature and sweat
production in vitiliginous patches compared
with normal skin has been reported, and it has
been suggested that this indicates a predomi-
nance of cholincrgic influences, possibly result-
ing from diminished sympathetic or adrenergic
activity, in the depigmented areas (2).
These observations suggest that vitiligo may
be due to some disturbance of a presumed
nervous, or neuro-hormonal control of melano-
genesis, and in apparent confirmation of this
view, some workers have described pathological
changes in peripheral nerve fibers supplying dc-
pigmented areas. Shao Chan-Gen (3) for ex-
ample, described "dystrophic" changes in nerve
trunks and terminals associated with lesions of
varying duration. He employed the Bielchowsky-
Gros silver impregnation technic in his study,
and accepted as evidence of "dystrophy" a dif-
ference in intensity of staining reaction of nerve
fibers compared with those of normal skin, and
thickening or varicose dilatation of finer axons;
in lesions of very long duration, he reported a
significant decrease of all nervous elements. In
evaluating these results and similar results of
previous workers as reviewed by Shao Chan-
Gen (3), due note must be taken of strong criti-
cisms which have been levelled at the applica-
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tion of silver technics of the type mentioned to
the study of fine nerve fibers of tissues in gen-
eral. Richardson (4) has pointed out that ar-
gyrophil connective tissue fibers may be con-
fused with neurites, that the character and
intensity of impregnation of different classes of
fibers may vary with the fixative and pH, and
that distortion in the form of swellings or dys-
ruption of neurites may commonly occur. Since
these features arc encountered in normal ma-
terial, and, moreover, since they may be indis-
tinguishable from features wluch have been
interpreted by some authors as dystrophic
changes, it is evident that silver impregnation
technics can lead to equivocal results when ap-
plied to the examination of possible or presumed
pathological material. Accordingly, it was con-
sidered desirable to re-examine this question of
the condition of the cutaneous nerve terminals
in vitiligo by means of electron microscopy. As
Richardson (4) emphasizes, the methods of
fixation used arc known to involve much less
distortion than the conventional methods of
neuro-histology, and the possibility of confusing
connective tissue fibers and neurites is elimi-
nated. In addition, the higher magnification and
greater resolving power provided permits a
more critical examination not only of the con-
dition of ncurites, but also of associated
Schwann cells which are likely to be involved
in any pathological process.
Apart from the technical considerations dis-
cussed above, there is another reason why it is
desirable to examine cutaneous nerve terminals
in vitiligo using a more critical technic than
hitherto. A previous study (5) lcd to the con-
clusion that it would be difficult to account for
the condition solely in terms either of extrane-
ous inhibitory influences operating upon poten-
tially active melanogenic cells, or, simply a
withdrawal of a normal stimulating influence
from the latter. This was because in the de-
pigmented epidermis the basal mclanocytcs were
found to be replaced by Langerhans cells (Fig.
1). It is not easy to sec how this morphological
change could result from damage to the nerve
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Fie. 1. Basal layer of epidermis from the centre of a vitiliginous lesion. Stain, as in all
mierographs except Fig. 14, lead hydroxide, 5,800 A. This micrograph illustrates the funda-
mental histopathological change in vitiligo, i.e., replacement of basal melanocytes by non-
melanogenic Langerhans cells, L. BM., basement membrane.
terminals. It is all the more important therefore
to establish if in fact they are affected in any
way. The present investigation provided an op-
portunity to examine the epidermis in a further
series of eases, and in particular the epidermal
melanoeytes at tbe pigmented margins of lesions.
Observations were also made on general fea-
tures of the superficial dermis.
MATERIALS AND METHOO5
Biopsy specimens were obtained from five pa-
tients with vitiligo. Three men aged 22, 34 and
43 years respectively had widespread lesions in-
volving the trunk, extremities, face and genitalia
developing over a period of five to six years.
The remaining two were women, one aged 20 de-
veloped vitiligo two years previous to the biopsy
removal and had lesions on the trunk, axillae,
thigh and both feet. The other woman was aged
38, and exhibited patches of depigmentation on
the chin, lower lip, back, inter-mammary region
and upper abdominal wall, the longest-standing
lesion being present for four years. None of the
patients gave a history of repigmentation of
vitiliginous areas.
From three patients biopsy material was taken
from the center of a depigmented patch and from
NERVE TERMINALS AND MELANOCYTES IN VITILIGO 127
Fic. 2. Portion of a small sheathed nerve from superficial dermis of normal skin. 17,800 X.
Schwann cell processes (5), surrounded by basement membrane, lie in endoneurial collagen
(C) which is hmited by the cellular perineurium (P). Note axons (A) enveloped by Schwann
cytoplasm. F, process of endoneurial fibroblast.
an adjacent area of normally pigmented skin. In
the two other patients, the "pigmented margin"
and immediately adjoining depigmented areas of
lesions of recent onset were removed for biopsy.
Control specimens of skin were obtained from a
number of normal subjects.
Specimens were fixed for 2—4 hours in buffered
osmium tetroxide at 40 C, or in glutaraldehyde.
After dehydration in graded alcohols they were
embedded in Araldite, sectioned on a Huxley
ultra-microtome, and examined in a Siemens
Elmiskop I electron microscope. Some specimens
were stained in bulk by 1 per cent phosphotung-
stic acid in 90 per cent alcohol before embedding.
Sections of specimens not stained in bulk were
stained on the grid by lead hydroxide.
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RESULTS
(1) Ultra-structure of Terminal Cutaneous
Nerves of Normal Skin
Before the findings in vitiligo are considered,
it is necessary briefly to describe the ultra-
structure of pre-terminal and terminal nerve
fibers of normal skin in order to provide a basis
for the assessment of possible pathological fea-
tures.
The general features of transverse sections of
small nerves in the deeper zone of the super-
ficial dermis are illustrated in Figure 2. Withio
the cellular perineurial tube, Schwann cells or
their processes surrounded by basement mem-
brane are seen embedded in a mass of endo-
neurial collagen. At this level, practically all the
axons associated with the Schwann cell proc-
esses are unmyelinated, but very occasionally a
small myclinated axon may be present. Proc-
esses of endoneurial fibroblasts are frequently
seen but other endoneurial cellular elements
such as capillary endothelial cells and pericytes
(6) appear to be absent from nerves of the
caliber illustrated. Outside the perineurium is
the epineurial collagen.
At more superficial levels, where the bulk of
the present observations were made, the nerves
no louger possess a perineurial sheath, aud what
is encountered here are Schwann cells and their
processes with associated unmyelinated axons
surrounded by a variable amount of collagen,
which, to judge from the diameter of individual
fibers, probably represents a continuation of the
epineurium (Fig. 2A). At this level, it is not
possible to distinguish between somatic and
autonomic neurites on purely morphological
grounds. Immediately beneath the basement
FIG. 2A. Single unsheathed Schwann cell process from sub-epidermal region of normal skin.
A 31,000. A, axon; B.M., basement membrane; C, surrounding dcrmal collagen; M, mesaxon;
5, Schwann cytoplasm. Compare with Figs. 3, 4 and 6.
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membrane of the epidermis nerves are repre-
sented by small Sehwann cell processes with
variable numbers of associated axons disposed
predominantly in a plane parallel with the sur-
face. In a large number of sections of normal
non-glabrous skin examined over the past three
years no "naked" axons, i.e. unrelated to
Schwann cell process, have been seen in this
situation. Neither has any axon been seen to
establish direct contact with a basal melanocyte,
nor to cross the basement membrane and enter
the epidermis. Identification of intra-epidermal
axons in electron micrograpbs presents great
difficulty. As Clarke and Hibbs (7) have pointed
out, rounded profiles of membrane-limited cyto-
plasm are frequently seen among the epidermal
keratinocytes. lVIany of these, by virtue of in-
cluded organelles, can be identified as sectional
profiles of the dendritic processes of melanocytes
or Langerhans cells. Some, however, without
such inclusions, cannot be positively identified,
and could equally well still be processes of the
cells mentioned, or intra-epidermal axons with-
out associated Schwann-cell cytoplasm. To be
absolutely certain that a particular profile was
in fact an intra-cpidcrmal axon, it would have
to be traced across the basement membrane into
continuity with an undoubted axon in the der-
Fm. 3. Schwann cell process in dermis underlying central region of vitiliginous lesion.
27,500 X. Note replication and fragmentation of basement membrane (BM). The axon (A)
may be in process of being extruded from the Schwann cytoplasm.
I 
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mis. We have never succeeded in doing this in
normal non-glabrous human skin, nor are we
aware that anyone else has. This difficulty in
identification of a structure thought to be pres-
ent in normal material gravely complicates the
issue as to whether or not, as in the present
instance, it may be pathologically affected.
(2) Density of Terminal Nervous Elements
in Vitiliqinous Skin
It must be stressed, considering the small size
of the blocks of tissue involved, the limited areas
available for inspection in any one section, and
the fact that in normal skin the nerve terminals
are by no means uniformly distributed, that
electron microscopy is not a very suitable
technic for determining if these latter are sig-
nificantly reduced in number in one area as
compared with another. Accordingly, our oh-
servations in this connection can rank DO higher
than impressions. The investigation was pri-
marily concerned with possible pathological
changes in nerves actually present. Having
made this point clear, it may be stated that in
central areas of depigmented lesions nervous
elements of the caliber illustrated in Figures 2
to 7, seemed to be encountered as frequently as
in normal skin. In marginal areas, both depig-
mented and pigmented, an impression was
gained that they were even more densely dis-
tributed. lEn such areas also, images of Sehwann
cells sectioned through the nuclear region were
seen more frequently, indicating an increase in
number. No myelinated fibers were seen in any
section examined, but it is difficult to know if
any significance should be attached to this,
since such fibers are very rarely encountered in
normal skin at the comparatively superficial
level under examination.
FIG. 4. Two Sehwann cell processes underlying center of a lesion. 42,350 X. Note replica-
tion of basement membrane (BM). Three of the axons present are only superficially indenting
the Sehwann cytoplasm, which suggests they are regenerating. The axon (A), could be re-
garded as undergoing re-myelination by virtue of its coiled mesaxon.
3.
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(3) Pathological Features of Nerves
Previous electron microscopic studies on de-
generation of peripheral nerves (8—10) deal
mainly with the effects of experimental lesions
on elements much larger than those under con-
sideration here. Nevertheless, since identical
structural components are involved, it is pos-
sible on the basis of this work to list those fea-
tures which might be considered pathological
in the present instance. These will include re-
generative as well as degenerative features,
since regeneration is a natural sequel to injury
of peripheral nerves, and consequently indica-
tive. The terminal regions of nerves of vitiligi-
nous skin therefore were examined for signs of
the following: 1) swelling of axons and replace-
ment of axonal neurofibrillae by a granular or
structureless matrix. 2) Discontinuity of axon
membranes. 3) Reduplication or multiplicity of
Schwann cell basement membrane. 4) Signifi-
cant increase in Schwann cell cytoplasmic RNP
granules, endoplasmie reticulum, and mitochon-
dna. 5) Focal fragmentation of mesaxons. 6)
Apparent extrusion of degenerate axons from
Schwann cytoplasm. 7) Apparently regenerat-
ing axons not embedded in Sehwann cell cyto-
plasm. 8) Desmosome-like thickenings associ-
ated with mesaxons.
As the accompanying mierographs (Figs. 3 to
7) show, all these features with the possible
exception of 5) and 8) above, were observed in
some nerves of the present material, although
it must be emphasized that the great majority
appeared essentially normal. Not only were
nerves in central areas of lesions involved (Figs.
3, 4, 5) but also those in marginal areas, both
depigmented and pigmented (Figs. 6, 7). In
fact, nerves in the last-mentioned situation
seemed to be affected to a greater extent than
in the other two. The degenerative changes il-
lustrated in Schwann cell processes and their
related axons were encountered most frequently
in smaller, unsheathed, and more superficially
situated (i.e. terminal) elements. Deeper situ-
ated and larger processes enveloped by a pen-
neurial sheath appeared essentially normal, as
did these sheaths themselves. Endoneurial non-
nervous structures (collagen, fibroblasts, etc.)
likewise appeared normal.
Difficulties involved in the identification of
intra-epidermal axons have already been men-
tioned. Were such structures present in our ma-
terial, one might reasonably expect, in view of
the above findings, that a proportion would
show degenerative changes, and in consequence,
be all the more readily identifiable. One or two
suggestive profiles were in fact seen (Fig. 8).
(4) Melanocytes at the Morgins of Lesions
In central regions of vitiliginous lesions epi-
dermal melanocytes are absent and apparently
replaced by Langerhans cells (Fig. 1). This
naturally directs attention to conditions at the
margin of depigmented areas where the follow-
ing features were observed in two patients of
the present series.
1) Many melanoeytes on the pigmented side
of the margin were producing few melanosomes
of the usual rod-like shape, but predominantly
rounded ones with a finely granular internal
Fro. 5. Cytoplasm of dermal Sehwann cell from
central area of a lesion. 36,000 X. Note Golgi mem-
branes (0) and concentration of cytoplasmie
RNP particles (F) indicating increased activity
associated with degeneration or regeneration of
nerves. N, nucleus.
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Fin. 6. Schwann cell process from pigmented margin of a lesion. 48,000 X. Note replication
of basement membrane (BM). The axon (A) shows swelling and loss of structure character-
istic of degeneration. The axon (B) appears to be undergoing re-myclination.
structure (Fig. 9). As the actual margin was
approacbed, increasing numbers of melanocytes
exhibiting little or no melanogenic activity were
encountered and filamentous structures were
more evident within the cytoplasm of these
cells (Fig. 10). Tn this respect, and also as re-
gards the shape aud structure of the melano-
somes, they resembled closely melanocytes of
pale epidermis of freckled subjects (11).
2) Langerhans cells were more numerous in
the basal layer of pigmented marginal areas
than in normal control epidermis. As reported
previously (12) some of these cells contained
membrane-hound clusters of melanin granules
in the cytoplasm. It was concluded that these
granules were of extraneous origin, having been
"phagocytoscd" rather than produced in situ,
since there was no evidence that the cells in
question were capable of independent mclano-
genesis.
3) Multiple replication or "layering" of the
basement membrane directly beneath melano-
cytcs on the pigmented side of the margin was
frequently observed (Figs. 10, 11). In some in-
stances, up to ten layers were seen.
(5) Other Features of the Superficial Dermis
The cellularity of the superficial dermis in
depigmented and marginal areas of lesions was,
in general, greater than normal. A probable in-
crease in the number of Schwann cells has al-
ready been mentioned. In three cases mast cells
related to ncuritcs and small vessels appeared
to be significantly increased, and in one in-
stance a mast cell was found within the epi-
dermis (Fig. 12). In the region of the dermo-
epidermal junction, lymphocytic cells, and active
fibroblasts were more abnndant than normal. In
this situation also, membrane-limited vesicular
profiles with internal reticulum were commonly
Is
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FJG. 7. Schwann cell process immediately beneath epidermis of pigmented margin of a le-
sion. 28,000 X. The single axon (A) related to this process is swollen, and shows loss of struc-
ture characteristic of degeneration. C, Schwann cytoplasm; E, basal epidermal cell.
seen (Fig. 13). Tbey were frequently partially
enveloped by cells of doubtful classification,
though almost certainly not fibroblasts, or
Schwann cells.
(6) Epidermal Keratinocytes
In a previous study (5) it was reported that
the cytology of the epidermal keratinocyte was
similar in normal and vitiliginous epidermis.
Further observations on the present series of
cases confirmed this finding with the possible
exception of one feature. In one case, vesicles
somewhat similar to those present in the super-
ficial dermis were frequently seen in the juxta-
nuclear region of keratinocytes of depigmented
epidermis (Fig. 14). Similar structures have
been reported as appearing in keratinocytes of
normal epidermis within one to three hours fol-
lowing ultraviolet irradiation (13).
nlscussloN
In this study of vitiliginous skin, positive de-
generative and regenerative changes have been
demonstrated in a small proportion of terminal
'
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FIG. 8. The round structure lying between keratinocytes of depigmented vitiliginous epi-
dermis may he a degenerate axon. 45,600 X.
Fio. 9. Cytoplasm of melanocyte from pigmented margin of vitiliginous lesion. 46,000 X.
The majority of the melanosomes (M) are rounded in shape with granular internal structure
thus resembling those in melanocytes of pale epidermis of freckled subjects.
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Fm. 10. Melanocyte from pigmented margin of a lesion. 20,000 X. This cell exhibits mini-
mal melanogenic activity. Note fine filamentous structures (F) in cytoplasm, and replication
of basement membrane (BM). Collagen fibres are present between laminae of basement mem-
brane.
and pre-terminal neurites of depigmented areas,
and of clinically pigmented skin bordering the
lesions. At a corresponding level of normal non-
glabrous skin neurites of two functional types
are thought to be present. On the one hand
there are somatic sensory terminals—the so-
called "naked", unencapsulated endings of light
microscopy, and on the other, autonomie ter-
minals which are described as forming a "neuro-
vegetative terminal network" from which
branches are distributed to small Vessels, and it
is claimed, to the basal melanoeytes and other
epidermal cells as well (14). Considering their
position, the degenerate elements described here
could belong to either of these functional
classes of fibers, and since it is not possible to
distinguish between them on purely morpho-
logical grounds at this level, evidence from
other sources must he sought to aid identifica-
tion.
Chaeo-Turner and Lerner (2) have recently
provided evidence, from studies on sweating
and skin temperature, which indicates a pre-
dominance of cholinergic influences in vitiligi-
nous skin compared with normal, and they have
argued that this could result from a local dimi-
nution in adrenergie or sympathetic activity.
This would certainly follow degeneration of ad-
renergie sympathetic terminals, and Chaco-
Turner and Lerner's observations could there-
fore be cited in favor of identifying the
degenerate neurites seen in the present material
as such. The present findings in turn could be
regarded as providing a morphological basis for
their results. Against the probability of the de-
generate terminals being somatic sensory in
nature may be cited a recent study which seems
finally to have established that sensations of
pain, touch, heat and cold are normal in viti-
liginous skin (15). Also, since melanogenesis is
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Fie. 11. To show multiple replication of base-
ment membrane (EM) beneath melanocyte from
pigmented margin of lesion. 17,200 X. Ill-defined
collagen fibers are present between replicated
laminae of tbc basement membrane.
essentially an active secretory process (16) it
is difficult to conceive of functionally afferent
fibers being concerned with its normal control
to such an extent that degeneration could lead
to loss of pigmentation, unless they could be
regarded as representing one limb of a "feed-
back" mechanism. There is no evidence that
this is the case. On balance therefore, it appears
likely that the neurites in question are auto-
nomic in function, and if this be accepted, the
suggestion that vitiligo is due to loss of a nor-
mal neural or neuro-hormonal control of mel-
anogenesis seems not unreasonable.
However, there are certain facts which it is
difficult to fit to this thesis. Whereas some light
microscopists (17) claim to have demonstrated
autonomic terminals establishing direct contact
with melanocytes of normal epidermis, others
(18, 19) have emphasized that no such specific
relationship exists, and electron microscopy cer-
tainly confirms this latter viewpoint (20). In
addition, there is the fundamental histopatho-
logical change in vitiligo, i.e. replacement of
melanogenie melanocytes by non-melanogenie
Langerhans cells. Can this morphological change
be explained in terms of simple withdrawal of a
neuro-hormonal or neuro-trophic influence?
Were the Langerhans cell simply an "inactive"
or "inhibited" phase of the melanoeyte, there
would be no difficulty here, and indeed, repig-
mentation of lesions could readily be explained
on this basis by postulating a return of neural
influences following regeneration. However, as
has been argued at length elsewhere (5, 20—22),
this is apparently not the essential nature of
the cell, and certain observations presented here
confirm this viewpoint.
It will be recalled that in marginal areas of
lesions, cells were seen which resemble melano-
cytes of pale epidermis of freckled subjects
(11). These latter exhibit only minimal melano-
genie activity, and it is significant that similar
cells should be found in the area bordering viti-
liginous patches, where a falling gradient of
melanin production might be expected. Morpho-
logically some of these cells (Fig. 10) epitomize
the concept of the "inactive" or "inhibited"
melanoeyte capable of resuming melanogenesis.
Their presence could snggest that the sequence
of development of vitiligo as far as the melano-
cyte is concerned is a progression from a fully
active cell through an "inactive" form as above,
to the final stage of Langerhans cell. The first
step could reasonably be explained by postu-
lating a withdrawal of neural influences, since
only a cessation of functional activity is con-
cerned. The second step is more fundamental in
nature, because it involves a definite change in
cellular morphology similar to that found in
"white spots" of recessively-spotted guinea pigs
(23), and in the white forelock region in human
piebaldism (24). Whether or not a change of
this character could likewise be explained as re-
sulting from neural damage cannot be decided
until the exact nature of the Langerhans cell is
fully understood.
Some of the other findings presented here de-
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Pie. 12. Mast cell surrounded by a space in basal layer of epidermis from center of a lesion.
10,100 x.
serve brief mention. Tbe apparent increase in
the number of mast cells is obviously of signifi-
cance in relation to Chaco-Turner and Lerner's
(2) observations, in view of the fact that they
contain bistamine and 5-hydroxytryptamine.
Mast cells are known to be increased in number
in inflammatory conditions and during nerve
regeneration (25) botb of wbieh processes are
apparently involved in, or at any rate, may
accompany vitiligo. It seems profitless at the
moment to speculate on whether or not this
increase is concerned in any way with the pig-
mentary defect, but if one were to accept
Okun's (26) recent suggestion that mast cells
represent a transitional phase in the develop-
ment of melanoeytes, it might be considered
relevent. The other feature of interest observed,
i.e. marked replication of the basement mem-
brane associated with melanoeytes in areas bor-
dering the lesions, is difficult to explain. At best
one can merely suggest that it is a reactive
phenomenon similar to the replication exhibited
by the basement membrane of the Sehwann
cells.
SUMMARY
Degenerative and regenerative changes were
found in terminal regions of a small proportion
of nerves supplying central and marginal areas
of vitiliginous lesions, and the probability is that
the affected neurites are autonomie in function.
Tlus finding could provide a morphological basis
for previous observations (2) on changes in
skin temperature and sweat production in viti-
ligo.
Melanoeytes identical in appearance to those
in pale epidermis of freckled subjects were pres-
ent in marginal areas of lesions which suggests
that the sequence of development of vitiligo,
where the melanoeyte is concerned, may be a
progression from a normally active cell, through
an inactive phase, to the final condition of
Langerhans cell. Whether or not such a se-
quence could be attributed to withdrawal of a
,
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Fic. 13. Dermo-epidermal junctional region of skin from center of a lesion. 22,000 X. Mem-
brane limited vesicles (V) were commonly seen in this situation. BM, Basement membrane of
epidermis.
normal neural control of melanogenesis is dis-
cussed.
In two cascs of the present series, mast cells
appeared to be increased in number in depig-
mented areas, and in all, the general cellularity
of the sub-epidermal region appeared greater
than normal. Vesicular profiles of unknown na-
ture were also present in this situation.
ADDENDUM
Since this paper was submitted, Basset et al.
(C.R. Acad. Sc. Paris, 261: 3701, 5719, 1965)
have reported the occurrence of cells which ap-
pear to be identical with Langerhans cells, but
which they regard as "abnormal histiocytcs", in
a granuloma of the lung in histiocytosis-X, and
in a lesion classified as eosinophilic granuloma of
bone. As pointed out here, there is an apparent
replacement of melanocytes by Langerhans cells
in vitiliginous lesions, This, and the similar find-
ing in white-spotting and piebaldism has usually
been interpreted as definitely indicating that the
two cells belong to the same lineage. Basset et at's
observations could suggest that this may not be
the case at all. Should it eventually be concluded
that the two cells arc in fact unrelated, the
coincidental replacement of the one by the other
in the three pigmcntary disorders mentioned will
require an explanation and certainly no plausible
one comes to mind at present. Where vitiligo is
concerned, it could be that melanocytes disappear
entirely from the depigmented areas, and arc
replaced, for whatever reason, by totally unre-
lated Langerhans cells. If this were the case, the
difficulty mentioned in the Discussion above, of
explaining the morphological change of "inactive
mclanocytc" to Langerhans cell would not arise.
In this general context, the observations reported
here of the condition of the melanocytes at the
margins of lesions are of considerable significance,
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Fio. 14. Portion of a basal keratinocyte from center of a lesion. PTA stain. 23,300 X. A vesi-
ele, containing retieular material, is seen indenting the nucleus (N).
REFERENCES
1. Lerner, A. B.: Vitiligo. J. Invest. Derm., 32:
285, 1959.2. Chaeo-Turner, M. L. and Lerner, A. B.:
Physiologic changes in Vitiligo. Arch. Derm.
(Chicago), 91: 390, 1965.
3. Shao, Chan-Gen: Changes of the neuro-re-
eeptor apparatus of the skin in vitihgo.
Vest. derm., 33: 20, 1959.
4. Richardson, K. C.: Studies on the structure
of autonomic nerves in the small intestine,
correlating the silver-impregnated image in
light microscopy with the permanganate-
fixed ultra-structure in eleetronmicroscopy.
J. Anat., 94: 457, 1960.
5. Birbeek, M. S., Breathnach, A. S. and Everall,
J. D.: An electron microscope study of basal
melanocytes and high-level clear cells (Lan-
gerhans cells) in vitiligo. J. Invest. Derm.,
37: 51, 1961.
6. Gamble, H. J. and Eames, R. A.: An electron
microscope study of the connective tissues
of the human peripheral nerve. J. Anat.,
98: 655, 1964.
7. Clarke, W. H. Jr. and Hibbs, R. G.: Elec-
tron microscope studies of the human epi-
dermis. The clear cell of Masson (dendritic
cell or melanocyte). J. Biophys. Biochem.
Cytol., 4: 679, 1958.8. Nathaniel, E. J. H. and Pease, D. C.: De-
generative changes in rat dorsal roots during
Wallerian degeneration. J. Cell Biol., 9:
511, 1963.9. Nathaniel, E. J. H. and Pease, D. C.: Re-
generative changes in rat dorsal roots fol-
lowing Wallerian degeneration. J. Cell Biol.,
9:533, 1963.
10. Nathaniel, E. J. H. and Pease, D. C.: Col-
lagen and basement membrane formation by
Schwann cells during nerve regeneration. J.
Cell Biol., 9: 550, 1963.
11. Breathnach, A. S.: Electron microscopy of
F.
-S
.1 -
.3
140 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
melanocytes and melanosomes in freckled
human epidermis. J. Invest. Derm., 42: 388,
1064.
12. Breathnach, A. S. and Wyllie, L. M.-A.: Mela-
nin in Langerhans cells. J. Invest. Derm., 45:
401, 1065.13. Nix, T. E., Nordquist, R. E., Scott, J. R. and
Everett, M. A.: Ultra-structural changes in-
duced by ultraviolet light in human epi-
dermis: basal and spinous layers. J. Invest.
Berm., 45: 52, 1965.14. Wiedmann, A.: Das neurohormonale system
der Haut in semen beziehungen zu den
gefassen bei allergischen prozessen. Derm.
Wscbr., 147: 11, 1963.15. Gopinathan, T.: A study of the lesion of
vitiligo. Arch. Derm. (Chicago), 91: 397,
1965.
16. Fitzpatrick, T. B., Seiji, M. and McGugan,
A. B.: Melanin pigmentation. New Eug. J.
Med., 265: 328, 1961.17. Niebauer, G.: Das verhalten der Pigment-
zellen in bestrahlter und unbestrahlter Haut.
Ann. Ital. Berm. Clin. Sper., 16: 93, 1962.
18. Winkelmann, R. K.: Nerve endings in normal
and pathologic skin. Springfield, Ill., Chas.
C Thomas, 1960.
19. Mishima, Y. and Miller-Milinska, A.: Junc-
tional and high-level dendritic cells revealed
with osmium iodide reaction inhuman and
animal cpidcrmis under conditions of hy-
perpigmentation and depigmentation. J. In-
vest. Derm., 37: 107, 1961.20. Breathnach, A. S.: The cell of Langerhans.
Tnt. Rev. Cytol., 18: 1, 1965.
21. Breathnach, A. S.: Observations on cytoplas-
mic organelles in Langerhans cells of human
epidermis. J. Anat., 98: 265, 1964.
22. Zelickson, A. S.: The Langerhans cell. J. In-
vest. Berm., 44: 201, 1965.
23. Breathnach, A. S. and Goodwin, B. P.: Elec-
tron microscopy of non-keratinocytes in the
basal layer of white epidermis of the re-
cessively spotted guinea-pig. J. Anat., 99:
377, 1965.24. Breathnach, A. S., Fitzpatrick, T. B. and
Wyllie, L. M.-A.: Electron microscopy of
melanocytes in human piebaldism. J. Invest.
Berm., 45: 28, 1965.25. Gamble, H. J. and Goldby, S.: Mast cells in
peripheral nerve trunks. Nature (London),
189: 766, 1961.
26. Okun, M. H.: Histogenesis of mclanocytes. J.
Invest. Berm., 44: 285, 1965.
